The effect of sex and the supplementation of the prebiotic, mannan oligosaccharides (MOS), the acidifier, calcium propionate (CPr) or their combination in the feed of Japanese quail (Coturnix japonica) on their performance and carcass quality was examined in this experimentation. Three hundred, 1-day old Japanese quail were divided into four groups with three replicates each. One group that served as control received the basal diet. The three experimental diets consisted of the basal diet to which either 6 g CPr/kg, 2 g MOS/kg or both 2 g MOS/kg and 6 g CPr/kg was added. The body weight, feed consumption, feed conversion ratio (kg feed/kg weight gain) and mortality were examined at weekly intervals. At the end of the 42-day feeding period the birds were slaughtered, the carcasses were processed and the carcass weight, carcass dressing percentage and carcass part percentages were calculated. Also, the breast meat composition and its fatty acid profile were analyzed. Results showed that the female quail had a higher body and carcass weight and liver to live weight percentage, whereas they had lower carcass dressing percentage than males. The dietary addition of MOS increased body and carcass weight, whereas it decreased liver to live weight percentage and crude fat content of the breast meat. The dietary addition of CPr lowered carcass dressing percentage and ash content of the breast meat. Interactions between the two examined supplements were observed in feed consumption, feed conversion ratio and carcass weight. An interaction between MOS and sex was observed on carcass weight. It was concluded that MOS and calcium propionate can be used effectively in Japanese quail diets.
Introduction
The inclusion of antibiotic growth promoters in the feed of farm animals has been banned in the European Union since (EU, 2005 , while their use is under consideration in other countries around the world due to the potential development of antibiotic resistant bacteria (Jukes et al., 1956; Greko, 2001; Spais et al., 2001; Roe & Pillai, 2003) . Consequently there has been a growing interest in the identification and evaluation of alternative feed additives that would satisfy consumers' demands and would be closer to environmentally friendly farming practices. Two categories of such additives are the prebiotics such as the mannan oligosaccharides (MOS) and the acidifiers.
The MOS, which are used as feed additives, are complex substances derived mainly from the cell walls of the yeast, Saccharomyces cerevisiae (Spring et al., 2000; Hooge, 2004; Kogan & Kocher, 2007) . They comprised of proteins (12.5%), glucanes (30%), mannans (30%) and phosphoric acid. These substances, when included in the diet, adhere to pathogenic bacteria who have type-I fimbriae and consequently remove them from the gut. In addition, MOS increase the height, the uniformity and the integrity of the intestinal villi and can augment the immune response of the animal. As a result, health and performance of the animal improve (Ferket, 2004; Hooge, 2004; Ghosh et al., 2007; Kogan & Kocher, 2007; Rehman et al., 2009) .
The acidifiers, which are generally organic acids and their salts, are substances naturally occurring in animal cells, where they exert an important role in the metabolism (Kirchgessner & Roth, 1998; Lückstädt et al., 2004) . Organic acids such as formic and propionic acid have mainly been used to sanitize animal feed. The dietary supplementation of acidifiers can modify the pH of the feed as well as the digestive tract of the animal. Also, the organic acids in their un-dissociated form are able to pass through the bacterial cell membrane into the cell, where they dissociate in H + ions which lowers the pH of the cell and RCOO -ions that can disrupt normal cell function and protein synthesis. The multiplication of the affected microorganisms is less efficient, so that their population in the digestive tract is diminished (Lückstädt et al., 2004; Freitag, 2007; Lückstädt, 2008) .
Studies concerning the use of MOS and acidifiers and especially their combined use in the Japanese quail (Coturnix japonica) nutrition are limited. Therefore, the first objective of the present study was to evaluate the efficiency of the dietary supplementation of MOS and the acidifier, calcium propionate (CPr), on the growth performance of Japanese quail. The second objective was to investigate whether this supplementation could have an effect on carcass quality. The third objective was to examine the interaction between sex and the above dietary treatments.
Materials and Methods
Three hundred, 1-day old Japanese quail, as hatched, were used in this study. The birds were individually weighted and assigned randomly to four treatment groups with three subgroups (replicates) of 25 birds each. All 12 subgroups were housed in separate wire suspended cages.
To meet the nutrient requirements of growing quail, a complete basal diet based on maize, soyabean meal and wheat was formulated according to Florou-Paneri (1989) and NRC (2004) . Table 1 presents the ingredients and the composition of this basal diet, in powder form, which was analyzed according to AOAC (2005) for crude protein, crude fat, crude fibre, moisture and ash content. Also the calcium, total phosphorus, lysine, methionine plus cystine and metabolisable energy content were calculated from the composition of the feed ingredients, according to Novus (1992) , NRC (1994) and Spais et al. (2002) . CPr/kg and 2 g MOS/kg were added. The CPr supplement used was "Calcium propionate granules 99%" from Dr. Paul Lohmann, Emmerthal, Germany. The MOS supplement used was "MOS 500" from Ultra Biologics Inc., Ragaud, QC, Canada. Feed and drinking water were offered to birds ad libitum and the feed consumption was recorded daily. Conventional rearing and management procedures were applied throughout the feeding period that lasted 42 days. The quail were handled according to the principles of the Greek Directorate General of Veterinary Services for the care of animals in experimentation.
All birds were individually weighted at weekly intervals. The sex of each bird was also recorded in the last three weekly measurements. The feed intake per bird per day and the feed conversion ratio (kg feed/kg weight gain, FCR) were calculated at weekly intervals. Mortality was recorded daily.
On day 42 of age, one male and one female bird from each replicate were randomly selected, weighted and slaughtered under commercial conditions. After dressing the carcass weight was measured and the dressing percentage calculated. The carcass was chilled at 1 °C for 12 h and, then it was separated into different parts, viz. as breast, back, neck, legs and wings, whose weight was recorded, and their percentages to carcass weight were calculated. The weight of liver and heart was also recorded and their percentages to live weight were calculated. All these parts were sealed in polyethylene bags and frozen at -20 °C for further analysis.
From the frozen breasts, the meat was separated from the bones, it was homogenized and was analyzed for crude protein, crude fat, moisture and ash according to the guidelines of AOAC (2005) .
The fatty acid composition of the breast meat was also determined according to Folch et al. (1957) and AOAC (2005) . Separation and quantification of the methyl esters of the fatty acids was carried out with a gas chromatographic system (TraceGC model K07332, ThermoFinnigan, ThermoQuest, Milan, Italy) equipped with a flame ionization detector, a model CSW 1.7 chromatography station (CSW, DataApex Ltd, Prague, Czech Republic) and a fused silica capillary column, 30 m x 0.25 mm i.d., coated with cyanopropyl polysiloxane (phase type SP-2380) with a film thickness of 0.20 µm (Supelco, Bellefonte, PA, USA). The chromatographic conditions were:
• Carrier: N 2 , Flow: 1 mL/min;
• Oven: Temperature 70 °C for 0.5 min, increase 30 °C/min to 180 °C for 10 min, increase 5 °C/min to 225 °C for 10 min; • Inlet temperature: 250 °C, detector temperature: 250 °C; • Injection: 2 µL, with split 1/40. The statistical analysis was performed using the General Linear Model function of the SPSS (2007) Ver. 16.0.1 statistical package (SPSS Inc., Chigaco, IL, USA). The experimentation was based on a factorial model 2 x 2 (MOS x acidifier) or 2 x 2 x 2 (MOS x acidifier x sex). The one-way analysis of variance for the four experimental groups was performed. Also, the two-way analysis of variance and three-way analysis of variance (when applicable) were performed, using as main effects the inclusion of MOS in the feed (two levels), the inclusion of CPr in the feed (two levels) and the sex of the birds (two levels, when applicable). A value of P ≤0.050 was considered significant. The Levene's test was applied to test the homogeneity of the variances. Tukey's test was applied to determine statistical differences between the means.
Results and Discussion
The effect of sex and dietary supplementation of MOS and CPr on the body weight is presented in Table 2 . During the six weeks of the experimentation there were no differences (P >0.050) in body weight between the four groups. The addition of MOS resulted in a higher (P ≤0.050) body weight on day 14 of age and on the last day of the experiment (day 42). Similar results were observed in previous studies by Guclu (2003) , Parlat et al. (2003) and Oguz & Parlat (2004) who also observed higher body weight for birds that consumed MOS, whereas Ghosh et al. (2007) and Sarica et al. (2009) did not observe significant differences. In contrast, the addition of CPr resulted in a tendency for the birds to have lower body weights at days 28 and 35 of age. Other researchers (Sacakli et al., 2006; Çakir et al., 2008) did not find any significant difference in the body weight of birds fed acidifiers, whereas Ghosh et al. (2007) and Ocak et al. (2009) found higher body weights for birds fed acidifiers. Furthermore, the female birds had higher (P ≤0.010) body weights on days 35 and 42 of age, which is to be expected since female quail are normally heavier than males (Yannakopoulos & Tserveni-Gousi, 1986; Shim, 2005) . Finally, no interaction (P >0.050) between the main effects was observed, which is similar to the findings of Loddi et al. (2002) and Pelicano et al. (2004) , whereas Ghosh et al. (2007) reported improved body weight for birds fed a combination of MOS and sodium butyrate. Means within column with a superscript in common within group or effect do not differ significantly at P ≤0.05. * Groups: A = control; B = 6 g CPr/kg; C = 2 g MOS/kg; D = 6 g CPr/kg + 2 g MOS/kg. Table 3 presents the effect of the dietary supplementation of MOS and CPr on the daily feed consumption of the growing quail. During the second and the third week of the experiment, a higher (P ≤0.050) feed consumption was observed for group C compared to group B. Also, during the fourth week a higher (P ≤0.050) feed consumption was observed for groups C and D compared to group B. Moreover, the addition of MOS resulted in higher (P ≤0.050) feed consumptions during the second, third and fourth weeks. There is considerable variation in the results reported by other researchers, since Rosen (2007a; in two comparative studies reported on average lower feed consumption for birds fed MOS vs. controls, whereas Oguz & Parlat (2004) reported a higher feed consumption for birds fed MOS, while Ghosh et al. (2007) and Sarica et al. (2006) found no significant differences. The addition of CPr resulted in a lower (P ≤0.050) feed consumption during the second and third weeks. Ao et al. (2009) found lower feed consumption due to the dietary supplementation of acidifiers in the feed of birds, whereas other researchers (Parlat et al., 2003; Sacakli et al., 2006; Ghosh et al., 2007; Çakir et al., 2008) did not find difference or reported (Ocak et al., 2009 ) an increase in feed consumption. Finally, interaction (P ≤0.010) between MOS and CPr was observed during the fourth week, which showed that the combined addition of MOS and CPr resulted in higher feed consumption than the single addition of each substance. Brzóska et al. (2007) and Ghosh et al. (2007) found no significant interaction between MOS and acidifiers.
The results concerning the FCR are presented in Table 4 . There was no difference (P >0.050) in the FCR of the four groups during the six weeks of the experimentation. Neither the addition of MOS, nor the addition of CPr resulted in any effect (P >0.050). Guclu (2003) , Parlat et al. (2003) and Ghosh et al. (2007) found lower FCR for birds fed MOS. Other researchers (Sacakli et al., 2006; Çakir et al., 2008; Ocak et al., 2009) reported no significant difference in birds fed acidifiers, whereas Ghosh et al. (2007) and Senkoylu et al. (2007) observed lower FCR. Also, an interaction (P ≤0.050) between MOS and CPr was noticed during the fourth week which shows that the combined addition of MOS and CPr resulted in a higher FCR than the addition of each substance separately. In contrast to these findings, Pelicano et al. (2004) , Brzóska et al. (2007) and Ghosh et al. (2007) did not find any significant interaction between MOS and acidifiers. Finally, mortality was not affected (P >0.050) throughout the experimental period in all groups. Means within column with a superscript in common within group or effect do not differ significantly at P ≤0.05. * Groups: A = control; B = 6 g CPr/kg; C = 2 g MOS/kg; D = 6 g CPr/kg + 2 g MOS/kg.
The growth promoter effects of MOS and acidifiers are attributed to their ability to limit the growth of potential pathogens in the digestive tract of animals (Lückstädt et al., 2004; Bozkurt et al., 2008; Lückstädt, 2008) . Thus, the digestive tract remains healthy, functions more efficiently and more nutrients are available for absorption. It can, therefore, not be excluded that the beneficial effects of feed supplements might be observed under less hygienic housing conditions and/or when using a less digestible diet (Miguel et al., 2002; Sims et al., 2004; Hernández et al., 2006; Baurhoo et al., 2007; Bozkurt et al., 2008) .
The effect of sex and supplementation of MOS and CPr in the feed of the growing quail on their carcass quality is presented in Table 5 . No effect (P >0.050) was observed for the parameters measured between the four experimental groups. The addition of MOS resulted in a higher (P ≤0.010) carcass weight and lower liver percentage, but had no effect (P >0.050) on the other parameters. In similar experiments Bozkurt et al. (2008) , Ghosh et al. (2008) , Konca et al. (2009) and Sarica et al. (2009) reported no significant improvement in birds due to the supplementing of MOS on carcass weight, carcass dressing percentage or carcass part percentage. The birds that consumed CPr had lower (P ≤0.050) carcass dressing percentage, but the addition of CPr in the feed had no effect (P >0.050) on the other measured parameters. Ocak et al. (2009) reported higher carcass weights; Leeson et al. (2005) reported higher breast percentages, whereas Sacakli et al. (2006) , Çakir et al. (2008) and Ghosh et al. (2008) did not report any significant difference on the carcass characteristics of birds fed acidifiers. Furthermore, the sex of the birds had a significant effect on the carcass weight and carcass dressing percentage, since the female birds had higher (P ≤0.001) carcass weight but lower (P ≤0.001) carcass dressing percentage than males. Also, the female birds had a higher (P ≤0.001) liver percentage than the male birds. These results can be attributed to the anatomical differences between male and female birds (Yannakopoulos & Tserveni-Gousi, 1986; Shim, 2005) . In addition, interaction (P ≤0.050) between MOS and CPr was observed on the carcass weight, which shows that the combined addition of MOS and CPr resulted in smaller increases of carcass weight than the single addition of MOS, compared to controls. Furthermore, interaction (P ≤0.050) between MOS and sex was observed on the carcass weight, which shows that the addition of MOS in the feed resulted in a higher increase of carcass weight for male birds than for female birds. Finally, interactions (P ≤0.050) between MOS, CPr and sex were observed on carcass weight. According to Ferket (2004) , the positive effect of growth promoters on carcass quality may be attributed to the improvement of the animal's health and the more efficient utilization of the feed nutrients. Differences between the means within column within group or effect were not significant. * Groups: A = control; B = 6 g CPr kg; C = 2 g MOS/kg; D = 6 g CPr/kg + 2 g MOS/kg. Table 6 presents the effect of the supplementation of MOS and CPr in the feed of the growing quail on the composition of their breast meat. The crude fat content of group B was higher (P ≤0.050) than that of group D, but the crude protein, the moisture and the ash content were not affected (P >0.050). The addition of MOS resulted in a lower (P ≤0.050) crude fat percentage which is in agreement with the results of Ghosh et al. (2008) who found significantly lower crude fat percentage in the meat of quail fed MOS. It has been reported that dietary oligosaccharides diluted the bile salt and reduced the lipid digestibility (Maisonnier et al., 2003; Ghosh et al., 2008) . The addition of CPr resulted in a lower (P ≤0.050) ash percentage and in a tendency for the breast meat to have a higher moisture percentage. Lessard et al. (1993) and Ghosh et al. (2008) found lower crude fat percentages for birds fed acidifiers, while Samanta et al. (2010) Means within column with a superscript in common within group or effect do not differ significantly at P ≤0.05. * Groups: A = control; B = 6 g CPr/kg; C = 2 g MOS/kg; D = 6 g CPr/kg + 2 g MOS/kg. Ghosh et al. (2008) reported interaction between MOS and sodium butyrate on the crude fat percentage of quail meat, whereas Brzóska et al. (2007) did not find any significant interaction between MOS and fumaric acid. The effect of the dietary supplementation of MOS and CPr on fatty acid composition of breast meat is presented in Table 7 . No differences (P >0.050) were observed between the four experimental groups. The addition of MOS resulted in a tendency for the breast meat to have higher percentages of palmitoleic acid and monounsaturated fatty acids. The addition of CPr did not have any effect (P >0.050) on the fatty acid composition of the breast meat and no interaction (P >0.050) between the main effects was observed. According to Furuse et al. (1992) , the fatty acid composition of the consumed feed and of the animal tissues can be modified as a result of the action of the gut microflora, because the gut microorganisms are able to hydrogenise unsaturated organic acids to more saturated ones, or even to desaturate some organic acids. Means within column with a superscript in common within group or effect do not differ significantly at P ≤0.05. * Groups: A = control; B = 6 g CPr/kg; C = 2 g MOS/kg; D = 6 g CPr/kg + 2 g MOS/kg.
Conclusions
The sex of the quail affected the results, since the female quail had a higher (P ≤0.001) body and carcass weight and liver to live weight percentage, whereas they had lower (P ≤0.001) carcass dressing percentages. The dietary addition of MOS increased body (P ≤0.050) and carcass (P ≤0.010) weight, whereas it decreased (P ≤0.050) liver to live weight percentage and crude fat content of the breast meat. Moreover, the dietary addition of CPr lowered (P ≤0.050) carcass dressing percentage and ash content of the breast meat. Interaction (P ≤0.050) between the two examined supplements was observed on feed consumption, FCR and carcass weight. Interaction (P ≤0.050) between MOS and sex was observed on carcass weight. Differences between means within group or effect were not significant. * Individual fatty acids expressed as percentage of total fatty acids. ** Groups: A = control; B = 6 g CPr/kg; C = 2 g MOS/kg; D = 6 g CPr/kg + 2 g MOS/kg.
